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"Nothing in biology
makes sense except in
the light of evolution.™

-- Theodosius Dobzhansky
March 1973

Geneticist, Columbia University
(1900-1975)
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Life’s Natural History is a Record of Succession & Extinction’



Evolution of life has altered the Earth
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In historical context
= Darwin did not originate the idea of evolution
* Geologic theories of Earth’s history cleared the path
for evolutionary biologists

Mendel {(inhertance
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"
1
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Lyell {uniformitarianism)

Cuvier (palecntology)

Malthus {populations)

Darwin (evolution, natural selection

Lamarck (evolution)

Hutton (gradualism)
Linnaeus (taxonomy)

American Revolution French Revolution U.5. Civil War
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1795 | Hutton proposes his theory of gradualism.
1798 | Malthus publishes “Essay on the Principle of Population.”
1609 | Lamarck publishes his theory of evolution.
1830 | Lyell publishes Principles of Geology.
1831-1836 | Darwin travels around the world on HMS Beagle.
1837 | Darwin begins his notebooks on the origin of species.
1E-44| Darwin writes his essay on the origin of species.
1858 | Wallace sends his theory to Darwin.
1859 | The Origin of Species is published. 7
13&5' Mendel publishes inheritance papers.




Geologic theories

N

= Charles Lyell (1797-1875)

¢ studied the Temple of Scrapis (Sicily)
¢ built on land & used until 200AD

* high tide now above temple floor

* holes in columns well above high tide

Meaning:
In less than 2000 years, temple sunk

well below sea level, and then was
raised up again — natural processes
and immense periods of time could

produce great changes.
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‘Succession of types’

Armadillos are native to the
Americas, with most
species found in South
America.

Three-banded

armadillo .,

Six-banded
armadillc

Glyptodont fossils also
unique to South America.

Why should extinct
armadillo-like species &
armadillos be found on
same continent? 9



Mylodon (left) Giant
ground sloth (extinct)

“This wonderful relationship in the same continent between
the dead and the living will, | do not doubt, throw more light
on the appearance of organic beings on our earth, and their

disappearance from it, than any other class of facts.”
Chapter 8, Voyage of the Beagle



LaMarck

= Organisms were adapted
to their environments

¢ adaptation is a result of
change caused by
environmental pressures

= Use & Disuse
organisms lost parts because they did not use them
— like the missing eyes & digestive system of the
tapeworm

* Perfection with use & need
the constant use of an organ leads that organ to
increase in size — like the muscles of a blacksmith
or the large ears of a night-flying bat
+ evolution of acquired characteristics

AP Biology 2005-2006 "




/Charles Darwin

= 1809-1882
® British naturalist

" Proposed the idea
of evolution by
natural selection

® Collected clear
evidence to
support his ideas

AP Biology
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Voyage of the HMS Beagle

" Travels around the world
+1831-1836

¢ makes many observations Robert F.tmy
of natural world

* main mission of the Beagle was 1 to chart
South American ey B ;
coastline

N
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Voyage of the HMS Beagle
= Stopped in Galapagos Islands 2 U
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Galapagos

N

Of relatively recent volcanic
origin most of animal
species on the Galapagos
live nowhere else in world,
but they resemble species
living on South American
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Unique species




| The Birds...

= Galapagos birds

+ 22 of the 29 species of
birds on the Galapagos
are endemic

= found only on these
islands

= One particular group...

¢ at first, he paid little note
to a series of small but
distinctive birds

¢ some were woodpecker-
like, some warbler-like, &=
some finch-like

AP Biology



/Darwin’s finches

= Darwin was
amazed to find
out they were all

finches
¢+ 14 species
¢ but only one Large-seed eatgﬁmem » Small-seed eater?
species on aro hasdod 1o soe i atre,

mainland of
South America

= 800 km away

¢ all presumably
originated from

mainland
AP Biology Warbler? Leaf-browser? '@



Correlation of species to food source

Cact

us Small

ground tree Medium Woodpecker
Medium finch finch tree finch  finch
ground o ) P
finch cs @ =
- G. scandens C. parvulus C. pauper C, pallidus
Larged G. fortis Small Large cactus |Vegetarian| Large Manarove | Green Gray
m'f.,“ ground ground finch finch tree fi I'? warbler warbler
e finch ~ finch Inc finch finch
' %ﬁ“ g“m 7l f_?&a D= =
g G. fuliginosa G. conirostris | C. crassi- | C. c. Certhidea Certhidea
G. magnirostris rostris psittacula heliobates | olivacea fusca
| I
Sharp-beaked
ground finch
. d] : G. difficilis Cactus B |
eed eaters ‘ flower e Insect| eaters
|
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Ground finches

Genus Geospiza

I
Tree finches
Genus Camarhynchus
1

Warbler finches
Genus Certhidea

Adaptive radiation

Common ancestor from
South American mainland
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Darwin’s finches Q ’ "

N

= Differences in beaks
¢ associated with eating different foods
¢ adaptations to foods available on islands

= Darwin’s conclusions

¢ when original South American finches
reached islands, adapted to available food
in different environments

¢ over many generations, the finches
changed anatomically & behaviorally

= accumulation of favorable traits
AP Biology " €mergence of different species 2005.2006
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o[ The large trea finch uses |
its haawy bill 1o twist apart
wood 1o reach larvae insida

The small and medium
el NNCHEs and Mamgnome
fenchas pick msachs irom
leavas and branches and
axplora cravices for hidden
L prey

for harvisting and crushing seads
= ) : Cargogound o
|Darwin’s finches e
®" Finches with beak S
E%f;m Cactus finches are |
allowed them to... | m’-ﬁ“ﬁ”ﬂ
grasping and wrenching buds from branches
compete
The bills of inzect eatars vary because they eat
different types and sizes of insects and they
= pass successful
traits onto their

The woddpacker inch uses its kong
baeak to probe into dead wood
| crevices, and bark for insects
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Pinta Island
Intermediate shell

Marchena g = | OWer

. |armes

]
.Santa Cruz
Y

Santa F-E-

Fernandl'na.

Isabela

Hood Island
Saddle-backed shell

Hood

Isabela Island
Dome-shaped shell

Variation Among Tortoises (0 Darwin observed that the characteristics of many animals and plants varied
noticeably among the different Galapagos Islands. Among the tortoises, the shape of the shell corresponds to
different habitats. The Hood Island tortoise (right) has a long neck and a shell that is curved and open around the
neck and legs, allowing the tortoise to reach the sparse vegetation on Hood Island. The tortoise from Isabela Island
{lower left) has a dome-shaped shell and a shorter neck. Vegetation on this island is more abundant and closer to
the ground. The tortoise from Pinta Island has a shell that is intermediate between these two forms.

& D Cavagnam/DREK Pholo + & M.Cawmgnar/DRE Phaoto
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Many islands show
distinct local variations in
tortoise morphology...

... perhaps these are the
first steps in the splitting of

one species into several?
AP Biology SR



Brussels ¥
sprouts !

This is not just
a process of
the past...

A J::H;\I—-
Ancestral
species

It is all
around us
today

Kohlrabi J4s

AP Biology




| Selective
breeding

the raw genetic

material is

hidden there

\JV

AP Biology



| Selective breeding
Broad variation!

AP Biology :



|A Reluctant Revolutionary

" Returned to England in 1836

¢ wrote papers describing his collections
& observations

¢ long treatise on barnacles

¢ draft of his theory of
species formation in 1844

= instructed his wife to
publish this essay upon
his death

" reluctant to publish but
didn’t want ideas to die
AP Biology ~ WIith him




And then came the letter....

Then, in 1858, Darwin received a
letter that changed everything...

Alfred Russel Wallace

a young naturalist working
in the East Indies, had
written a short paper with a
new theory. He asked
Darwin to evaluate his
theory and pass it along for
publication.

AP Biology



Darwin wrote to Lyell:

"Your words have come true with a vengeance... | never
saw a more striking coincidence... so all my originality,

whatever it may amount to, will be smashed.”

AP

1858 ON THE TENDENCY OF VARIETIES
TO DEPART INDEFINITELY FROM THE
ORIGINAL TYPE

by Alfred Russel Wallace written at Ternate, February, 1858
Instahility of Varieties supposed to prove the permanent

distinctness of Species

OHE of the strongest argwmnents which have been addoced to prove the original and permanent
distinctness of species iz, that varetes produced in a state of domesticity are more or less unstable,
and often have a tendency, if left o themselves, fo et 10 the noonal form of the parent species;
and this instability is considered 1o be a distinctisve peculiarity of all warieties, even of those oconiing
among wild animals in & state of natore, and 1o constinde a provision for preserving nochanged the
originallv created distinet species.

In the absence of acamcity of facts and obzerrations a3 w warieties oconiring among wild animals, this
argwment has had great weight with natoralistz, snd hae led to a very general and somewhat
prejudiced belief in the stability of species. Equally general, however, iz the belief in what are called
"permanent or toe varietes,"- races of animals which continwally propagate their like, bt which
differ 20 slightly (although constantd») fiom some other race, that the ane is considered 10 be a vadety
of the other. "Which is the sariety and which the orginal species, there iz gererally no means of
deternmining , except in those rare cases in which the one race has been known 10 produce an offspring
unlike itzelf and resembling the other. This, howeser, would seem quite incompatible with the
"permanent invariability of species," but the difficulty is overcome by assuming that such varieties
havre strict limits, and can newer sgain wary further from the orginal tvpe, althovgh they may retam o
it, which, from the analogy of the domesticated animals, i considered 0 be highly probable, if not
certainly proved.

It will be observed that this argument rests entively on the assumption, that wareties ocourdng ina
state of natiee are in all respects anslogous 10 or even dentical with those of domestic animals, and
are governed by the same laws a3 regards their peomanence or further swadation. But it is the object of
the present paper 1o show that this asswmnpton is altogether false, that there is a general principls in
nature wwhich will canse marny waretes to survive the parent species, and o give ize 10 successive
sariations depacting further and focther from the orginsd twpe, and wwhich also prodoces, in
domesticated animals, the tendency of warieties to retuimn 1o the parent form.

The Struggle for Existence.

O

THE ORIGIN OF SPECIES
BY MEANS OF NATURAL SELECTION,

on TiE

PRESEREVATION OF FAYOURED RACES IN THE STRUGGLE
FOR LIFE,

By CHARLES DARWIN, M.A.,
FELLOW OF Tilll BOVAL, GEALOGICAL, LIKSEAN, KTC., SeCTETI

AUTINOR OF ' JOURNAL OF RESEARCHEA BURIEG M. M. A, TEATLE'S VOTAGE
BOUND THE WKL

LONDON:
JOHON MURRAY, ALBEMARLE STREET.
1850,

The wight o Frammalariom @ ororenl

-
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Voyage: 1831-1836

November 24, 1859, Darwin published
“On the Orii f Species by Means of Natural election o

B s

OX

THE ORIGIN OF SPECIES

BY MEARS OF NATURAL SELECTION,

“ But with regard to the material wozld, wo ean at least go =0
far as this—we can perceivo that events aro brought about not by
insulated Interpositions of Divine power, exerted in cach particular i
a9, but by tho establishmant of genoral Taws.” A1 PRESERVATION OF FAVOURED RACES IN THE STRUGGLE

W, WoeweLL : Bridocionter Treatis. 1 FOR LIFE,

of TIE

*To conclude, therefore, let nio 1aan out of a weak concelt of
sobriety, or an ill-applisd moedemtion, think or maintain, that n
man can search too fac or be too well studied in the book of God's
word, or in the book of God's works 3 divinity or philosophy ; but g By CHARLES DARWIN, MA.,

rather lot men endeavour an endless p tonce | 5 i
endless progress o proficionce in both, FELLOW OF THE BOYAL, QEALOGICAL, LINNAAK, KTC., SOCTRTIR

|
Baoow s Adeancenent of Learning, { AUT IS OF * JOURSAL OF RESEARCIES DURING H. M. 8. BEALE'S VOVAGE
§ BOUND THE WoRLD."

Dosen, Broweley, Kend, { LONDON:
Ostotarila, 1850, ' JOHN MURRAY, ALBEMARLE STREET.
1859,

The wipht of Fromabation ir resreod.
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|Essence of Darwin’s ideas

" His theory was simple...
B | (1) Variation exists in natural populations

(2) Many more offspring are born each season
than can possibly survive to maturity

| (3) As a result, there is a struggle for

| awvietanaa

(4) Characteristics beneficial in the struggle
| A | for existence will tend to become more

(i Y2... | CcOmmon in the population, changing the
_ree3: low || characteristics of a species

(5) Over time, and given a steady input of new variation into
a population, these processes lead to the emergence of
new species 3




LaMarckian vs. Darwmlan V|ew -

= LaMarck
¢ giraffe’s “need’ to
reach higher et
vegetation (4 &
their neck & stimulates @&
transmission of longer
neck to offspring

= Darwin

¢ long-necked giraffes
survive better & leave
more offspring with
genes for long necks

AP Biology




!Natural Selection

= Darwin referred to all of these factors
together as natural selection

¢ variation

¢ production of more
offspring than can survive
¢ competition

" for food, for mates & nesting|z
spots, to escape predators |77

¢ differential survival based
on traits

et ' i i o, 5 S A
i “Listan... I'm #&d up with this “wesading out the slck and
AP BIOIOgy tha ol businass... | want something In ks prirme.”



(a)DIRECTIONAL SELECTION (b)STABILIZING SELECTION (c)DISRUPTIVE SELECTION

BEFORE
SELECTION

SR Ll

percent of population

AFTER
SELECTION

range of a particular
characteristic (size, color, etc.)

Natural selection can act in a number of directions.,



N

Natural Selection can take several forms

" Predation Selection
¢ camouflage (mimicry)
¢ speed
¢ behaviors & habits
¢ defenses (physical & chemical)

AP Biology ; 3 AHFiagg | 2005-2006



Can you find the mantis?

&

AP Biology 2005-2006 36



Natural Selection can take several forms

= Physiological Selection
¢ fitness (food-gathering)
¢ physiology efficiency (oxygen, food, water)
¢ disease resistance
¢ protection from injury

¢ biochemical versatility
Evolutlon of an anhfreeze glyCOproteln

L Dlooc =in that keeps Antarctic fish from freezing arc gestive enzyme

he ice-hinding antifreeze glycoprotein
(AFGE) that circulates in the blood of A.FGF' geng
Antarcti j I

N
\

roteas i1.
of AFGP and indicating E1

i created.
AF( F‘l r] and a h ¢ o h L1kB |
Cice erystals




#Physiological selection

Dogs pee on trees...Why don’t trees pee on dogs?

AP Biology 2005-2006 38



Natural Selection can take several forms

= Sexual Selection
¢ attractiveness to potential mate
¢ fertility of gametes
+ “ultimately, differential reproductive success”

N

“survival” doesn’t matter if you don’t reproduce!
(meaning: attract mate & breed)




|Sexual selection




What’s a lion’s mane for?

H FEEDH
maguzl “e HELP SUBSCRIPTIONS
SEARCH

Sexual Selection, Temperature, and the Lion's
Mane

Peyion M. West® and Craig Packer

The mane of the Afidcan lon (. asuy 20 13 a highly warable trait that reflects
male condition and ambient temperatie. W 07 Fi%

wariaton in a long-term smd v of lions in the
Mane darkness indicates nutiton and testos
choice and male-male competition. Mane lex|
only appears o influence male-male assessm]
reproductse life-apans and higher offspring
aurface Emperatires, abnormal apemm, and s
of the wear. Maned males are hotter than fen o sl
shorer manes in hotter seasons, wears, and 0.01

R S

Serum testostercne
*
r
' -
L]

Hello, handsome. Female lions prefer males with dark manes, but
such decoration comes at a cost.

Larger, darker mane correlates

Fuggests that the mane will rezpond o forec
ferperatre.

Department of Ecologw, Evoluton and Beh
1987 Upper Buford Cincle, St Pavl, FIH 54

Mane length

with good nutrition, health, and
high testosterone levels.

It also imposes a cost on the

Mane darkness

individual (it’s hot!).

Meaning??
"If he can deal with that
mane, he must be very fit!”

AP Biology

2005-2006 41



|Sexual selection

= Sexual selection acts in
all sexually-reproducing
species
¢ it influences morphology
& behavior

¢ it acts on both
males and females

AP Biology Jacanas



Evolution is "so overwhelminly
established that it has become
irrational to call it a theory.”

-- Ernst Mayr

What Evolution Is
2001

Professor Emeritus, Evolutionary Biology
Harvard University
(1904-2005)

%

2005-2006 43
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Any Questions??

N
%
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